reported both well done and medium/rare consumption, but in varying quantities.
Odds ratios were calculated using logistic regression, with the meat variables being either in their original continuous form or categorized into quintiles. All analyses were adjusted for age, gender, total energy intake, physical activity, pack-years of smoking, non-steroidal anti-inflammatory drug use, and reason for colorectal screening.
Four sequentially nested models were analysed. In Model 1, total meat is the only meat variable included. In Model 2, this variable is divided into red meat (beef, pork and lamb) and white meat (chicken and fish). In Model 3, red meat is split into five types of red meat that are cooked to variable levels (beef steak, hamburgers/cheeseburgers, pork chops/ham steaks, sausage/hot dogs and bacon), referred to as variably cooked red meat. Also in this model are the remaining types of red meat that are either cooked to a standard level or for which it was not known how well they were cooked (liverwurst, liver, luncheon meats, beef stew, pork roast, spaghetti sauce with meat, other ground beef, and lamb) are referred to as other red meat. Finally, in Model 4, the variably cooked red meat is split into whether it was prepared well done or medium/rare. White meat was retained in Models 3 and 4 and 'other red meat' was retained in Model 4, so that total meat consumption was accounted for in all models.
We looked at addition effects, the risk associated with adding the amount of one subgroup (e.g. red meat) while keeping the consumption of other subgroups (e.g. white meat) constant, as well as substitution effects, where the total consumed is held fixed so that adding to the amount consumed of one subgroup (red meat) is offset by subtracting an equal amount consumed of the other subgroups (white meat). The OR of the substitution effect is 1 if there is no difference in the risk associated with red and white meat. By including red and white meat as two separate variables in the regression equation we obtained estimates and confidence interval (CI) for the addition effects. When instead the total meat variable is used, this reflects the addition effect of white meat (red meat is fixed) while the red meat variable provides the estimate and CI for the substitution effect of red versus white meat (total meat is fixed). 10 
Results
The study hypothesis was that there is an increased risk of colorectal adenoma with meat intake, in particular with red meat, and especially with well done red meat, 3, 4 as these subsets contain increasing quantities of heterocyclic amines, known carcinogens in animals. 11 With a traditional analysis using data categorized into quintiles, the OR for the fifth versus first quintile increases if we compare total meat in Model 1 (OR = 1.3) with red meat in Model 2 (OR = 2.5), as expected based on the hypothesis (Table 1) . However, the OR is lower for variably cooked red meat in Model 3 (OR = 1.6) and even lower for well done red meat in Model 4 (OR = 1.3). Similar results are obtained for continuous data when comparing the OR for the 90th and 10th percentiles (i.e. the medians of the 5th and 1st quintiles) with the OR being 1.5, 2.3, 2.0 and 1.7, respectively.
At first glance, this may give the impression that well done red meat is associated with a lower risk than red meat per se. However, an OR must of course always be interpreted in terms of the difference in consumption levels compared. Figure 1 shows the distribution consumed of different subsets of meat. The differences in consumption between the 90th and 10th percentiles are 125 g for total meat, 92 g for red meat, 56 g for variably cooked red meat and 24 g for well done red meat. So, when using quintiles, we are comparing 'apples' with 'oranges', and given the hypothesis, it is not surprising that there is a higher OR for a 92-g difference in red meat consumption that for a 24-g difference in well done red meat consumption.
To put the OR on an equal footing for comparison, it is necessary to calculate them using the same fixed amount of intake. In the last column of Table 1 this is done for a 10-g increment in average daily consumption. The estimated OR increases from total meat (OR = 1.04, i.e. a 10-g increment in ODDS RATIOS FOR DIETARY COMPONENTS 1061 Table 1 Odds ratios for the addition effect of different subsets of meats, using four nested models and three different methods of analysis based on quintiles, percentiles and fixed amounts of intake respectively. A way to depict the partition of OR for a nested set of variables is through a graph as illustrated in Figure 2 . Marked on the left side is the OR of 1.04 associated with a 10-g increase in total daily meat consumption. As we move right in the Figure, this is then partitioned into an OR of 1.11 for red meat and 0.95 for white meat, and so on. As another example, the OR for variably cooked red meat is 1.17, which is partitioned into 1.10 for medium/rare and 1.30 for well done red meat.
Categorized data
All OR in Table 1 represent addition effects. Figure 2 presents a natural illustration of the relationship between all the different addition and substitution effects within a nested group of models. The y-axis reflects the OR for the addition effects of different subgroups of meat as taken from Table 1 . When the y-axis is drawn on the log scale, as in Figure 2 , the log substitution effect for two different subgroups is simply the distance between their log OR as illustrated in the Figure. For example, Figure 1 The empirical distribution of the consumption of total meat, red meat, variably cooked red meat, and well done red meat Figure 2 Graphical representation showing how the risk associated with total meat consumption is partitioned into the risks associated with various sub-components. Odds ratios (OR) for 10-g increments in consumption, together with 95% CI, are given for both addition and substitution effects. On the log scale, the addition effect is the distance between the thick line for a particular meat type and an imaginary line corresponding to an OR of 1, while the substitution effect is the distance between two thick lines representing two different meat types in the same model the substitution effect of consuming well done rather than medium/rare red meat is 1.30/1.10 = 1.18, so on the natural log scale we have that ln (1.18 
) = ln(1.30) -ln(1.10).
In the example above we used a model where the risk associated with increased consumption changes according to a linear function on the log scale. That fits very well with the data, giving a higher log likelihood value than the categorical models. Adding a quadratic term did not significantly improve the model fit. This may or may not be true for other data set though, and the proposed dissection and comparisons can also be used when the regression equation contains non-linear terms, if these non-linear terms represent the total consumed of the different sub-components.
Using the same data, Table 2 presents the dissection of the OR when a quadratic term is added to the model. The nature of a non-linear term is that the increase in the odds due to a fixed increase in consumption is different depending on the original amount consumed. For example, when fitting a quadratic rather than linear term, the OR for a 10-g increase of total meat are 1.024, 1.025, 1.026, 1.029 and 1.033 for original consumptions of 0, 10, 20, 50 and 100 g, respectively. As before, it is possible to dissect how much of this risk is due to various subcomponents. This is done by including in the logistic regression model a linear term for each of the meat subtypes, plus a quadratic term for total meat. For example, with our data the OR of 1.026 associated with an increase of total meat consumption from 20 to 30 g is dissected into OR of 1.113 and 0.956 for red and white meat, respectively. Table 2 should be compared with the rightmost column of Table 1 , and it can be seen that the OR are very similar. This is expected since the quadratic term was not significant for this data. There are differences in the OR depending on the total meat consumed, as for example, the OR is 1.306 for a 10-g increase of well done red meat if the original total meat consumption is 0 g, while the OR is 1.299 if the original total consumption is 100 g. Likewise, the OR for medium/rare red meat are 1.109 and 1.103, respectively. These differences would be bigger in other data sets where the non-linear term was significant. The relative size of the OR of different sizes do not change though, and the substitution effect does not depend on the total amount consumed, even when there is a non-linear term in the model for total meat consumption. For example, the OR for substituting 10 g of well done for 10 g of medium/rare red meat is e ln (1. 
Discussion
Whether the data are categorized or analysed in their continuous form, OR for different nested subsets of dietary components cannot be compared when based on quantiles or percentiles. In order to compare risks for 10-g increments, it is necessary to analyse continuous data. Dorfman et al. 12 looked at different models for epidemiological studies containing an exposure variable that is classified by type, including models containing ratios of related variables. They concluded that using a continuous scale variable for each subset is preferable compared to either ratios or categorization. The ability to compare and partition the OR, as suggested in this paper, is an added argument for that. When using continuous variables though, it is important not to extend the inference outside the interval of observations. For example, since very few subjects in our data set ate more than 100 g daily of well done red meat, and none more than 140 g, we cannot estimate the effect of eating 100 additional daily grams of such meat nor the effect of eating 10 additional daily grams for a person whose original consumption is 150.
In our example, there are a total of 10 different substitution effects that can be calculated, one in Model 2, three in Model 3 and six in Model 4, as every dietary component can be substituted for every other component in the same model. The OR for each of these substitution effects are easily read using Figure 2 , ODDS RATIOS FOR DIETARY COMPONENTS 1063 Table 2 With a quadratic term for total meat, these are odds ratios (OR) for the addition effect of 10 g of different types of meats, when the total meat consumption is 0, 10, 20, 50 and 100 g per day, respectively, using four nested models. The addition effect depends on the level of total meat consumed because of the quadratic term, but irrespective of level, the effect can be dissected into its respective components for different subsets of meat by looking down the same column. In the rightmost column are the effects of substituting 10 g of one type of meat for 10 g of another type, comparing red versus white meat in Model 2, variably cooked versus other red meat in Model 3, and well done versus medium/rare red meat in Model 4. Even though there is a quadratic term for total meat, these substitution effects do not depend on the total amount of meat consumed When applying and interpreting the proposed type of analysis, some caution is warranted. It is inadvisable to split a variable into two components that are highly correlated with each other. How correlated they can be depends on the size of the data set. The key way to determine whether a dissection is informative is to look at the width of the CI for both the addition and substitution effects. It is also important to note that the proposed method cannot be used to compare OR for exposures that are measured in different units. That is a different type of problem, related to attributable risk. 13 Odds ratios based on upper versus lower quartiles or quintiles are useful, as they compare the risk between the upper and lower ends of the consumption range in the population under study. Hence the OR reflect a risk differential that is reasonably achievable through preventive measures. A complimentary set of OR are those based on fixed amounts of consumption. These allow for direct comparisons between nested subgroups of dietary components, in order to disentangle the risk linked to specific groups of foods or nutrients. They may also be applied for other types of exposure that have natural sub-components, such as physical activity, occupational histories, radiation exposure or smoking.
